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[0001] This application claims the benefit of Korean Application 
No. P2000-55233 filed on September 20, 2000, which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of tJie Invention 

[0002] The present invention relates to a liquid crystal display 
(LCD) device, and more particularly, to a multi-domain LCD device 
that improves color characteristics and gray inversion regardless 
of a viewing angle. 
Discussion of the Related Art: 

[0003] In general, an LCD device includes lower and upper 
substrates. In the lower substrate, a plurality of pixel regions 
are arranged in a matrix shape, and each pixel region has a thin 
film transistor (TFT) and a pixel electrode. In the upper 
substrate, a common electrode and a color filter layer for 
representing colors are formed thereon. A liquid crystal is 
injected between the lower and upper substrates. A polarizer is 
respectively formed at both sides of the lower and upper 
substrates to linearly polarize visible rays. 

[0004] Such LCD device is widely used in monitors for computers, 
audiocassette recorders, and videocassette recorders. The LCD 
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device contains liquid crystal therein, so that a main viewing 
angle is determined by a rubbing direction. An amount of light 
that passes through the LCD device is controlled by using 
birefringence and linear polarization of the liquid crystal, 
thereby displaying images. 

[0005] In order to yield the LCD device having uniform luminance 
and high contrast ratio, the liquid crystal is aligned between 
the substrates in one direction. 

[0006] There are various kinds of alignments in the liquid crystal, 
such as a homogeneous alignment, a homeotropic alignment, a 
tilted alignment, a twisted alignment, a hybrid alignment, a 
grandjean alignment, and a focal-conic alignment. 
[0007] For the purpose of simplicity, only the twisted alignment 
LCD device will be described herein. In the twisted alignment LCD 
device, liquid crystal molecules are arranged in parallel to the 
lower and upper substrates. However, an alignment direction is 
different by an angle of 90 degrees between the lower and upper 
substrates, so that the molecules are successively aligned at the 
angle of 90 degrees between the two substrates. 

[0008] Operation of such LCD device is based on an electro-optical 
method, in which a voltage is applied to a liquid crystal cell to 
vary the alignment of the liquid crystal, thereby varying 
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electro-optical characteristics of the liquid crystal cell in 
representing images . 

[0009]A viewing angle is an angle of eyes of a viewer with 
respect to the surface of the LCD device. Since a path of light 
passing through the liquid crystal layer varies with the angle of 
eyes of a viewer, birefringence of the liquid crystal is 
generated, thereby varying transmittance . 
[0010]A viewing angle characteristic is a degree of the 
transmittance (contrast ratio) of the LCD device varying with the 
viewing angle. 

[0011] Meanwhile, a related art lateral field induced vertical 
aligned (LFIVA) mode is a main stream technology in TFT-LCD 
devices. The LFIVA mode can achieve a wide viewing angle of 140 
degrees or greater in any directions. 

[0012] In such a mode, an alignment film on a common electrode is 
rubbed, and a pixel structure is formed in such a manner that a 
transparent electrode is etched in a portion of a pixel electrode 
at a width of 10 pm to 15 fm to form a slit pattern. Thus, 
electric fields are generated vertically and laterally. To the 
end, a wide viewing angle is obtained, so that a transmittance of 
80%, a response time of 20 msec, and a viewing angle of 140 
degrees or greater are achieved in the LFIVA mode. 
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[0013] In the LFIVA mode, the pixel electrode is formed of a metal 
film unlike the other mode using a transparent conductive film 
for the pixel electrode. Thus, one process step for forming a 
TFT-LCD can be reduced in the LFIVA mode. Especially, a scanning 
line can be formed of a material the same as that of the pixel 
electrode. Therefore, a large sized LCD TV is expected to 
simplify structures and reduce residual images. 

[0014]A related art LCD device will be described with reference 
to the accompanying drawings. 

[0015] FIG. 1 is a cross-sectional view showing a structure of the 
related art LFIVA mode LCD device. 

[0016]As shown in FIG. 1, in the related art LCD device, a first 
transparent electrode 12 (pixel electrode) is formed to have slit 
patterns 11 at a constant distance on a first substrate (not 
shown) . On a second substrate (not shown) opposing the first 
substrate, a second transparent electrode 13 is formed. Liquid 
crystals 14 are injected between the first and second substrates - 
[0017] In the LFIVA mode LCD device, the liquid crystals 14 are 
arranged to oppose each other with respect to the slit patterns 
11 . 

[0018] FIG. 2 is a, graph showing a relationship between a gray 
level and a viewing angle in the related art LFIVA mode LCD 



PATENT APPLICATION 
ATTORNEY DOCKET NO. : 041501-5452 

device. As shown in FIG. 2, in the related art LFIVA mode LCD 
device, a transmi ttance curve of the middle gray level is 
significantly changed with an increase in the viewing angle. 
[0019] As described above, the related art LFIVA mode LCD device 
has the following problems. 

[0020] The liquid crystal layer in the middle portions of the slit 
patterns and the electrode is rotated along the rubbing direction, 
so that a multi-domain is formed. At this time, in the middle 
portions of the slit pattern and the electrode, optical 
distortions are generated, so that the viewing angle is inclined. 
For this reason, color characteristic and gray inversion are 
deteriorated . 

SUMMARY OF THE INVENTION 

[0021] Accordingly , the present invention is directed to a liquid 
crystal display (LCD) device and a method of fabricating the same 
that substantially obviates one or more of problems due to 
limitations and disadvantages of the related art. 

[0022] Another object of the present invention is to provide an 
LCD device that improves color characteristic and gray inversion. 

[0023] Additional features and advantages of the invention will be 
set forth in the description which follows and in part will be 
apparent from the description, or may be learned by practice of 
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the invention. The objectives and other advantages of the 
invention will be realized and attained by the structure 
particularly pointed out in the written description and claims 
hereof as well as the appended drawings. 

[0024] To achieve these and other advantages and in accordance 
with the purpose of the present invention, as embodied and 
broadly described, an LCD device includes a first electrode on a 
first substrate having a plurality of slit patterns, a second 
electrode on a second substrate, a liquid crystal layer between 
the first and second substrates, the liquid crystal layer having 
different alignment directions by each slit pattern, and at least 
one light-shielding layer below the first electrode. 
[0025] In another aspect of the present invention, a method of 
fabricating a liquid display device on first and second 
substrates includes forming at least one light-shielding layer on 
the first substrate, forming a first electrode having a plurality 
of slit patterns over the light-shielding layer including the 
first substrate, forming a second electrode on the second 
substrate, assembling the first and second substrates, and 
forming a liquid crystal layer having different alignment 
directions by each slit pattern between the first and second 
substrates . 

7 
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[0026] It is to be understood that both the foregoing general 
description and the following detailed description are exemplary 
and explanatory and are intended to provide further explanation 
of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The accompanying drawings, which are included to provide a 
further understanding of the invention and are incorporated in 
and constitute a part of this application, illustrate embodiments 
of the invention and together with the description serve to 
explain the principle of the invention. 
[0028] In the drawings: 

[0029] FIG. 1 is a cross-sectional view showing a structure of a 

related art LFIVA mode LCD device; ? 

[0030] FIG. 2 a graph showing a relationship between a viewing 

angle and a gray inversion in the related art LFIVA mode LCD 

device; 

[0031] FIG. 3 is a cross-sectional view showing a structure of the 
LCD device according to a first embodiment of the present 
invention; 

[0032] FIGs. 4A to 4E are graphs showing a transmittance of each 
gray level according to a black matrix width in the LCD device of 
the present invention; 
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[0033] FIG. 5 is a cross-sectional view showing a structure of the 
LCD device according to a second embodiment of the present 
invention; 

[0034] FIG. 6 is a cross-sectional view showing a structure of the 
LCD device according to a third embodiment of the present 
invention; and 

[0035] FIGs. 7A to 7E are chromaticity coordinates showing color 
characteristics according to the black matrix width of the 
present invention. 



^.j DETAILED DESCRIPTION OF THE IIiLUSTRATED EMBODIMENTS 

JL [0036] Reference will now be made in detail to the illustrated 
embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings. Wherever possible, the 
same reference numbers will be used throughout the drawings to 
refer to the same or like parts. 

[0037] FIG. 3 is a cross-sectional view showing a. structure of an 
LCD device according to a first embodiment of the present 
invention . 

J(p> [0038]As shown in FIG. 3, the LCD device of the present invention 

includes first and second transparent substrates (both not shown) 

opposing each other and a first transparent electrode 22 having a 

plurality of slit patterns 21 at a co\istant distance on the first 

9 
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substrate. The slit pattern^ 21 in the present invention are 
shown as a discontinuity in the pixel electrode (or the first 
transparent electrode 22) . A Second transparent electrode 23 is 
formed on the second transparer^ substrate opposing the first 
transparent electrode 22. LiquidX crystals 24 are aligned to 
oppose each other by the slit patterns 21 between the first and 
second transparent electrodes 22 aXd 23. A black matrix (light- 
shielding layer) 25 is located beloA the first transparent 
electrode 22 at the center of the fir\st substrate. 
[0039] In fabricating processes, the black matrix 25 is formed on 
the first transparent substrate at a constant width, in the range 
of about 0 /zm to 8 /zni, for example. Then, an insulating film 26 is 
formed on the entire surface of the first transparent substrate 
including the. black matrix 25. Subsequently, the first 
transparent electrode 22 having the slit patterns 21 is formed on 
the insulating film 26. 

[0040] FIGs. 4A to 4E are graphs showing a transmittance of each 
gray level according to a black matrix width in the LCD device of 
the present invention. 

[0041] As shown in FIGs. 4A to 4E, an electro-optical 
characteristic is improved with an increase in the width of the 
black matrix. 

10 
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[0042] FIGs. 4A to 4E show the transmittance of each gray level 
when the width of the black matrix is respectively about 0 //m, 
2 pm, 4 /zni, 6 juni, and 8 m- As shown in FIG. 4E, the black matrix 
having a width of about 8 fjm has the best electro-optical 
characteristic among them. 

[0043] FIG. 5 is a cross-sectional view showing a structure of the 
LCD device according to a second embodiment of the present 
invention. 

[0044]As shown in FIG. 5, the LCD device acjzc^rding to the second 
embodiment of- the present invention incljmes first and second 
substrates (not shown) opposing each Esther and a* first 
transparent electrode 22 having sLlt patterns at' a constant 
distance on the first substrate^ A second transparent electrode 
23 is formed on the second substrate opposing the first 
transparent electrode 22 /^Liquid crystals 24 are aligned to 
oppose each other by ^^e slit patterns 21 between the first and 
second transparent/electrodes 22 and 23. A black matrix 25 is 
formed below th/e slit patterns 21. 

[0045] In fabricating processes, the black matrix 25 is formed on 

the first substrate at a constant width. An insulating film 26 is 

then formed on the entire surface of the first substrate 

including the black matrix. Thereafter, the first transparent 

11 
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electrode 22 having the slit patterns 21 is formed on the 
insulating film 26. 

[0046] FIG. 6 is a cross-sectional view showing a structure of the 
LCD device according to a third embodiment of the present 
invention . 

[0047]As shown in FIG. 6, the LCD devLce according to the third 
embodiment of the present inventiop^ includes first and second 
substrates (not shown) and a fi^t transparent electrode 22 
having slit patterns 21 at a/^ constant distance on the first 
substrate. A second tran^arent electrode 23 is formed on the 
second substrate oppo^ng the first transparent electrode 22. 
Liquid crystals 24^ are aligned to oppose each other by the slit 
patterns 21 bej^een the first and second transparent electrodes 
22 and 23. black matrix 25 is formed below the first 
transparent electrode 22 and below the slit patterns 21 to shield 
ligh^ . 

[0048]At this time, the black matrix 25 is formed on the first 
substrate at a constant width. An insulating film 26 is formed on 
the entire surface of the first substrate including the black 
matrix 25. 
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[0049] Referring to FIGs. 7A to 7E, detailed descriptions as to 
variations of color characteristics will be discussed in 
accordance with the black matrix. 

[0050] FIGs. 7A to 7E are chromaticity coordinates showing color 
characteristics according to widths of the black matrix. As shown 
in FIGs. 7A to IE, as the width of the black matrix increases 
(from 0 jcmi to 8 jCffli) , the color characteristic is substantially 
improved at 0 degree (at left and right sides) . 

[0051]As aforementioned, the LCD device of the present invention 
has the following advantages. 

[0052]A black matrix may be formed below the first transparent 
electrode having slit patterns. Alternatively, it can be located 
below the slit patterns or below both the first transparent 
electrode and the slit patterns. Thus, the dependency of the 
viewing angle in chromaticity coordinates is reduced. Furthermore, 
the inversion between gray levels can be reduced at right and 
left sides. Therefore, the gray inversion characteristic is 
improved . 

[0053] It will be apparent to those skilled in the art that 
various modifications and variations can be made in the liquid 
crystal display (LCD) device and the method of fabricating the 
same of the present invention without departing from the spirit 
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or scope of the inventions. Thus, it is intended that the 
present invention covers the modifications and variations of this 
invention provided they come within the scope of the appended 
claims and their equivalents. 



